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ABSTRACT

The apparaus to be used in this investigation is descrihbed in
detail. Its mechanical, optical and operating properties are examined
and a possible sample contamination difficulty is explained. In gen-
eral, the mechanical and operational characteristics of this apparatus
are well suited for the study of the reflectance spectra of ffosts.

Although some difficulty has been encountered in the infrared
detection system, the optical characteristics of the system appear to
be satisfactory. The infrared energy available at the detéctor is
low’and steps to increase the energy and the responsivity of the
detector are being taken. The problem of a standard diffuse reflector
which is useful in the far ultraviolet region is considered and it is

suggested that bright gold be used as the standard.



Instrument Design Criteria

The objective of the instrument design was to provide as versatile
an experiment éhamber as ppssible ﬁithout becoming totally unwieldy.
The primary emphasis’was placed on sample preparatiqn, sample environ-
ment control, ahd the ability to make measuremeﬁts over a wide spectbal
region. Data_aequisition techniques were to be made straight Torward
and automated if practical. Physical size aﬁd ease of operation played
segondary roles in the design selection process. An over-riding
requirement was that the custom construction work must utilize conven-
tional machining and welding techniques so that the regquired work could
be done by the machine shop in the Physical Science Department. Material
and component cost constraints were applied whenever possible,.

Instrument Design, Fabrication
and Operating Characteristics

Figure 1 shows a horizontal section of the sample preparation
ehamber and the projection of the base. This drawing, to scale indi-
cates the positions of the beam entrance and beam exif ports as well
as ports for photographing the sample and the residual gas analyzer
probe. The base has two sample gas inlets, a thermocouple gauge open-
ing and a rotary shaft vacuum seal for the standard reflector. The
‘sample is formed on fhe cooled substrate directly above the center of
the pumping outlet shown in the base. The front face of the substrate
is 1% inches behind the vertical axis of the chambér. The standard
reflector can be.moved into position just in front of the sample; the
separation is approximately % inch. This slight difference in géometry
is corrected in the data analysis by comparing the reflectance of the
standard when it is positioned in front of the sémple and when it is

placed at the sample position. There is a false bottom in the



experiment cheﬁber which allows the mirrors endleﬁertures_to be posi- |
tioned to provide the best foous without interfering withthe_gas-flo@,
line of sight;dete; FigureAE is a‘vertieel seetioﬁ ehewiegrthe relative
positions of the ancillary apparatus. The eonfigufation ehown will |
be the usual Dﬁerating form where the sample is_iiluminated with’mono-
chromatic radiation and the amount reflected measured Provision has
been made to mate the lamp directly to the entrance port and then scan
the reflected:radlatlon as a function of wavelength. When the frosts
and substrates containing sodium are irradiated with short wavelength
light, this will Ee the configuration used. The_purpose ef these
experiments is to search for sodium D emission and to determine the
nature ofrﬁateriel ejected From the sample surfaee; | |

The entire apparatus is constructed from type gu stainless steel
except for the entrance window extension and its separate pumpihg line
wﬁieh are fabricated from copper and brass tubing. 'The steel parts are
welded together making inside welds where mechanieally pdsSible. These'
welds were mede using the ordinary DC arc method end appropriate stainf
‘less rod. The preferred fluxless welding teehnlques are not avallable
in the physics shop, so rather than ship the JDb to Houston for MIG
welding, the ordinary arc method was used. The flux_from the inside -
welds was thoroﬁghly removed by grinding the area to a bright finish.
After considerable trials Sultahle vacuun tight welds were achleved
using this method. Those assemblies which required out51de welds were
provided intermal relief by counterboring slightly oversize from the
inside,. Trap;ped flux may be in these weids yielding a slow evolution
of gas; the low pressure behavior of the system deoes indicate that out-
gassing is the major limitation to the ultimate pressure attainable.

The entrance window extension is mated to the main chamber through

a vacuum tight slide valve. This type valve does not obstruct the



optical beam. This extension tube, fshrieated some time ago for
lanother purpose, is made of brass and has two vscuemevalves along a
diameter. One is a small let-up~to-atmosphere tjpe and the other is
used in the byfpass pumping line. This line includes a‘brass bellows.
to relieve any misalignmenr in these parts. All_joints in“this.assem%
bly were made using hard solders. | |
The flanges.are designed to use-o-rings to ﬁrovide the seal
instead of soff‘copper gaskets, Several factors influeneed'the deci-
sion to use o-rings instead of copper seals; namely, the system is nof
primarily an ultrahigh vacuum chamber, costs, and fluxless welding
should be used to attach the flanges. In retrospect, if another
simllar chamber should be constructed, the fabrication should be done
using fluxless welding techniques and copper gasket sealing flanges.
These techniques provide vacuum tight assemblies with a minimum of
Eoblems. |
The vacuun pumping equipment comnsists of a two inch oil diffu—
sion pump backed by a mechanical pump wifh a rated speed of ten cubic
feet per minute. Backstreaming from the diffusion pump is preVented by -
s water cooled haffle and a trap cooled with liqﬁid nitrogen. The cal-
culated pumping speed at the chamber is 37 l/sec and according to the
manufacturer's llterature the pump maintains 1ts rated speed tu 5 x 10'7
Torr using DC-704 fluid before decreasing to zero at pressures on the
order of 5 x 10~8 Torr. The lowest pressﬁre achieved thus far'has been
about 3 x lCI-6 Torr after lbng pumping. This pressure is reached after
| about eight hours of pumping, but is not lowered even after seven to ten
- days of pumping and warming the system to about 75°Cf The system has
been thoroughly checked for leaks using acetone spray with the,changing'
‘response of the ionization gauge to indicate the presence of s_leak. |
This method is not capable of detecing small leaks but no other leak_

detection apparatus is available at present. -However, using the ebdve '



4
pressure and pumping speed data, the estimated leak ﬁate_ie 2.3 x 10~
std cc/sec. The simple.acetone,spray method should be capable of
detecting leaks of this size. Further, when the sample chamber is
isolated from the pump the pressure quickly rises to the 10-% Torr
range and then continues to increase more slowly. Such behavior in-
'dicafes that the source of this gesris internal to the system. Several
possible eources are: unremoved welding flux, the nitrile rubher o-
rings, backstreaming from the mechanical pump, gases from the high
vacuum grade epoxy resin used to seal the windows, and possibly other
sources, A number of steps are being taken to eliminate.these sources-.
of extraneous material. A reasonably clean.environment'must be main-
tained for the frost samples. When the residual gas analyzer is pﬁt .
into operation the composition of this material“will be furfher clari-
fied.

The frost sample is formed on a cold surface by deposition from o
the ﬁapor state. The crystal structure of the frozen material is de-
termined in part by the temperature of the substrate. The morphology
of the frost is also dependant on the deposition rate and the age of
the frost. The substrate is cooled by a commerical refrigeratipn unit
using liquid nitrogen as the cryogenic fluid. The unit selected is
an Air Products and Chemical Heli-Trans, Model'LT-B—llUfwhose rated .
capacity is about 20 watts at 77°K. The temperature is controlled
by regulating the flow of cryogen and a heater; the temperature can be
varied from 77°K to 300°K within 0.19K by an automatic control unit.
The refrigeration capacity of the unit can easily be exceeded durlng
sample preparation if a high dep051t10n rate is allowed Th;s is
particularly true for materials such as water whieh have a large heet
of sublimation and specific heat. A rough calculation shows that e |

max mum rate;of'37 mg/sec may deposited without exceeding the cooling
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power of the cold end.  Rates much leSérthan.this]aro used io-praotioo.
The gas flow into the system is controlled‘by airariable‘ieak valve and -
the syétem is,pomped continuopSly bpt throttled'totkéep the pressure
‘ in rango S0 thot the heat load does not exceed'the'oold tip capacity.

The proper adjustments are made by observ1ng the t1p temperature and
reacting accordlngly

There are two gas inlets in the base of the,chambér, so that two
materials can be introduced simultaneously by soparate external gas
handling systems, Each line consists of a out—off_valve adjacent to‘
the chamber, thermocouple pressure gauge, 'metering valve, and the -
pressure regulator. The procedure for sample preparaticn con51sts of |
evacuating these lines to the gas cylinder valve and then purging w1th
the sample gas several times. Neither line shows any detectable leak.
It is judged that no appreciable contamination will be introduced aiong
these gas 1ines;. The addition of the residual gas analyzer wiil be
invaluable.ih.determining whether this procédure is adegquate.

After a frost sample has heeﬁ formed a photographic record of it
is made. Initially no atteﬁpt to determine grain,oize will be made
but at some future time such an investigation may be desirable. These
photographs are primarily for qualitative frost'morphology‘evaluation
The sample is orlented at approx1mately 459 to the entrance port placlng
the substrate normal along the view-photograph port, A full face v1ew ‘
of the sample is presented tO-the camera and the photograph is madE‘
using the light from a tupgsten illuminator. No‘photographs have been
made yet but visual inspection of several frost samples indicate that'r
a very‘fipe-grained frost is formed on the'flat‘portions of;the'cooled.
substrate.' The frost tends to build up with a someﬁhat coarse strﬁoture
.an "sharp" portionsrof.thé substrate, such as sorew_headé.f These

frosted structures will not be presented.to'thé optical beam but only



the reflectance of the uniform fine gréined‘portion will be observed.
These-considerationé only hold when thé substrate coﬁsists of a disk of

,‘OFHC copper approximately‘one inch in diaﬁetef.- It is plahned that

onwderedrock samples wili also form the base for the‘frosts. The coarse'
grained morphology will probably be formed on the rock grains and.then |
the réfleetance‘may be altefed-eonsidérably. |

The sample preparation chamber has two parallEl beam exit'ports.

One port is provided with a window which transmits well in‘the ﬁltra—
violet and the other with an infrared transmitting window. At preéent
LiF and XBr are used as the window‘materiéls although guartz énd CafFp
windbws-are also availsble. The windowélpfovide an aperture of épprox—
imately lémm in diameter which accomodates -the 1iwm beam fery nicely.
Inside the chamber the reflected light is gathered by a eonéaVe:spheri-
cal-mirrof, direéted out the_windbw, and brought to focus on the active
portion.o.f the deteétor. The inner surfaces .of the ch‘amberl'will be

| - covered with a material to reduce the scattered light to a minimum_
Thistwill be postponed until the vacuum problems are’resolﬁéd. o

‘The chamber contains two identical mirrors each of‘fdcal length

55mm and diameter 25mm. The mirrors are used in an off-axis configur-
ation but the distortion due to the astigmatism is not very large. The
apparent.increase in the focal length is om the order of ten-pereeﬁt; 
fﬁr reflected rays lying_in.the vertical plane whén tﬁe mirrof is used
15° off-axis. The focal length'for the rays in the horizontal pléne

is decreased by nearly the same amount. Since the aétive éreaiof all

~ of the radiation detectors is large cqmparea to thé'slit.image only a
small amount_df light may be lost dué tp imperfect focuéing of the
mirrors. 'Ihe.field of viéw is limited by ah_aperfuré stop so that
only the central portion of the sampie is-viewed by.the-deteetor. 'Ihis

amounts to a sample area approximately lUmm in diameter, the same as



' thé slit height,
-‘ ‘When the infréred region is béingiiﬁvesfigated an important con-
sideration is the effect of the rédiétiqn frpm surrounding objects that
reaches the detector. Aésume the sample chamber acts as a cavity
emiffing blackbody radiation corresponding to an equiiibrium temperature :
“of 300°K, Thé detector senses the radiént flux which strikes the -
active area of dimension 2mm by 0.2mm, 'Estimating the field of view
of the detector, it receives 140 uW of power on the active area; this
power is that associated with radiation in the waveléngth region ex-
tending.from 2u to 20ii. The detecfor fufther senses the radiant
energy in this region which is brought to fdcus by'the mirror; the
- mirror acts to extend the field of view of the detector. .As mentioned
above the mirror has a 14 mm diameter circﬁlar field of view at theA
sample. The sample temperature will lie in the range from BDOK'td
1509K. The detector now receives an addition baekground_poﬁer ambuﬁt—
ing to 30 yW to 1300 yW from radiation gathered by the mirror. This
'energy is contained in the same spectral regidﬁ. Thus,  the deteetof
responds to a steady background power amounting to 170 uW to 1,4#011w.
Since the detector has a responsivity of approximately 20 V/W the
corresponding output will he a DC voltage in the range 3.4 mV tﬁ 29-mV.
- A simple test of thé radiation thermocouple.sﬁowed that the dﬁtpuf
was 20 ﬁV when measured using‘only the copper substrate as the sample,.
The cause of this low output value is being investigated but it ap-
| pears as if the responsivity of the detector islnot as great as the
manufacturer claims.

To this point the emphasis has heép onAdetails of opefating in
tﬁe infrared region. There are two beam exit ports and a distinct
mirror for each'spéctral regioh.. A gdid coated mirror is used-in thé.

near and intermediate infrared, .7u to 20u while an aluminized mir-
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ror with a MgF overcoat optimized for 12164 is used in the far ultra-
violet throughtthe'visible epeetrum No speclal efforts are regu1red ‘
when the ultraviolet and visible beams are brought to the deteetor the
‘eontrlbutlon to the energy incident on the detector from a blackbody
source is negligibie. A photomultiplier tube, EMI'type 9783B with a
spectrosil window is used in the visible.region dewn to.about 1600 A.

To detect shorter wavelength radiation, a thin'glass.slide.coated with
sodium salicylatecis placed in front of the:photemUltiplier window.
Sodium salicylate has a high and nearly uniform flourescent efficieney
for radiation in the region from 3400 A to 400 A. The EMI photomulti-
piier is used to observe the flourescent emission qf the sodium sali-
cylate and, thus, acquire the reflectance data in the far UV region.
The near infrered radiation is detected using a dry-ice ceoled FMT with
an S-1 response. The thermocouple detector.is used to measure radiatioh
with wavelength greater than 1.2u . -. |
The purpose of two beam exit ports fitted with different windows is
to permit the sample to he studied over a wide spectral range. The sam-
ple is prepared{ photographed‘and rotated into the incident beam making
the desired observation angle relative to the mirror. Once the sample
is prepared it can be studied throughout the region from lDGO-g to 20y
Withoﬁt disturbing iti Thﬁs-technique hae the advantage of sample in-
tegrity; that is, data is obtained under éhe sgme’conditions‘of froet
morphology, temperature, history, compositien,§ete.erather than'heving
different samples for study in different spectfal regions The purpose
of the entrance window extension is to permlt changlng windows when
going from the ultrav1olet and visible spectrum into the 1nfrared Thie
portion of the system can be let up to air, the window and external op-

tical apparatus changed, and then re-evacuated without disturbing the

sample. These alterations together with the requisite changes in



detector éonfigurationsraré accomplished in a'reasbﬁably shdrt'time.
The time réquiréd might be as short as thifty minutéétto as long as two
hours which isréﬁout.fhe same timekfequifed to sc;ﬁ'the reflectance
spectra. However; there is a possiblé difficult?'@ﬁich could bérim4
porfant and'wili.Be iﬁvestigated-thoroughly before any data analysis is
done, This is the problem of sample contaminatioh. 'The sampie cﬁaﬁber
is évacuated'to.aé ﬁigh a vacuum as possible with moderate-hééting to
remove as much absorbed material as feasible. Although an initial
pressure in'fhe'fange of 108 Torr may be attained'fhe system will con-
tinue to -outgas. The equilibrium vapor pressure of various samﬁle gases -
dictate that once the sample frost is formed pumping 0n the chémber.must
be stopped 6therWise.the frost sample will be,pumped éff the substfate;
The table Shows the equilibrium.vapor pressure for some sample gases‘at‘

two temperatures expected to be used for frost formation and study. .It

140°K 909K
CHy, B 102 Torr
Co, 1 10-3
H,S 1 10~>
sz - 10-9 10-13
NHj 10-2 10~8 |

is clear that except for water and ammonia at 909K frosts of‘fhésé
gases cannot exist long at pressﬁres much lower than their equilibrium .
vapor pressure. The cold frost will then accumuléte the ¢ondensible
outgassed material; oxygen and nitrogén will notrcondense at these
temperatures and pressures but water, carbon diékide; aﬂd most organic
‘compounds do. These materials, particularly 6rgaﬂic cbmpouhds, may' 
interfer with the determination of the.réflectance speetra‘when they

form a layer on the frost sample. If the partial pressufe of these
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materials is very low, on the order of lD;QTorr,'ﬁheh'approximately-ZO
‘minmates pass'béforé a monolayer of ﬁaférial aceumuiafesron a ffeshly
formed surfaceQ. Only one minute‘passes Befbie anﬁonolayer is.formed“if"
the partial pressure is 5 x 10-8 Torr. The expected'data acquisition
time suggested above is longer than the surface éovérage time. The
sample frost may be several hours old before data-isktaken if the en-
trance window and the external optical apparatus'afe_changed to accom-
modate the shift in spectral region. |

.The molecular weight of the oils and greases wﬁich may form the
bulk of outgassed organic material are above thé range of the residual
gas analyzer whose range is 1 to 100 amu. Henee, this technigue will
not be available to assist in determining the amount of contamination
to be expected. There are two apProaehes'fo study the effects of pos-
sible contamination which are available and both will bhe utilized.

As the sample ages outgassed material presumably éécumulétes and its
interference becomes more appreciable, A study of fhe reflectance as

a function of time should reveal such an effect if the time required

to acoumulate a.detectable amount is less than the data acquisiton time,
The effects of accumlated organics are most pronounéed in tﬁe far
ultraviolet region whefe a thin film of o0il on opfieal eomponents renders
them useless, Thus, the sample frost can be observed usiﬁg'Lyman
Radiation (1216 A} during formation and for some period afterwards. An
observation time of several hours would seem appropriate. -If times.
longer than this are necessary to accumulate a detectable level of con-~
tamination, then the effects of such impurities ﬁill be negligible.

Thié approach;takes into account the dynamic processes which‘occuf-at
the seolid-vapor interface of a material coming Lo equilibrium with its
vapor. Further, on the basis of the microscopic view of reversibility,

such processes continmue even though macroscopic equilibrium is established.
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" The effect of the condensation pf~oﬁtgassed ﬁaterials can also he
esfablished by ébserving the reflectance of the substrate alone. Daté
taken when the substrate is at ambient teﬁperatufe_énd presumed clean
can be coﬁéared with that taken when the substrate is colad and’has‘aéA
cumilated the éutgassed material. In this mammer the degree of inter-
ferepcé-caused by such substances may bé jpdged. Alfhough a great déal
of spaéé has been devoted to this possibié problem of contamination,
S it is-nof expected to be so severe as to limit the validity of these
studies.‘ Howevef, it must be firmly established that the data éathered

represent the behavior of the frost and not some impurity.
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i.Preliminery Resﬁlts'and ProcedureS=_7:‘  _ | .

_ After'thE‘frdst sample is prepared endlphotogrephedgthe reflec~ -
tanee epeetra of the frost is recorded. -The‘refieetenee of'the frost
is eompared to the reflectance of a standard reflector over 1dent10al
wavelength ranges The standard reflector is a compressed powder
sample of Eastmann White Reflectance Standard, a very pure form of
borium sulfate .This material has a refleetance‘ofdbetter than
90% from .2y to 2.5p and will be used as the standard in this
spectral region,.although, at least one study has used. this materlal
down to 1600 A. There is no accepted standard of reflectance for
radiation with weVelengtﬁ longer than 2.5u . The reason fdr this "
is simply because diffuse refleotance-speetroseopy‘has been‘eonfined'
mainly to the stud§ of dyestuffs and pigments whepe only the visible
region is of importence. The sulfate in the Eastman White etandard
will probably show strong absorption in the 10w region end7perhape;
at otﬁer wevelengths as well. Magnesium oxide and qther mater__ialslkI
will be tried as the standard if the borium sﬁlfate-is unsuited in
certain regions | |

The response of; the thermocouple detector appears to be indepen-
dent of wavelength from the visible to the near 1nfrared Ihe detector
was checked against a standard of spectral radiance lamp-supplied by
Instrumentation-Specialties Companyt Theipower emitted by this lamp
is known in the region from 0.4p to 2.0u . The thermoeouple detec-
tor's D.C, response has been measured as a function of wavelength and
compared with the calibrated output of the lamp. As noted ﬁretiously'
--this detector does not_seem-tO'haverthe sensitivity that the manufae—
turer claims so that this comparison may not be especially meaningful
and thus the detailed results are omitted. AHewever, the output does

appear to follow the spectral ihtensity of the lamp, but small signal
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voltage, <.1uV, drift and_noisé make for a poor quantifative comparisah.
‘When the éystem'can be used in the A.C, méde many of these difficulties
should be eliminated and a meaningful compérisoﬁ,made.' The response.is
expected to be linear over the entire‘infraréd‘region and will be as-
sumed 56 for the region beyond 2.011uhless the data below 2.0un - show
significant deviations, | |

The response of the detectors'used.in the near infrared and in
the visiblé will be directiy determinable dﬁring each run by comparison
with the known reflectance of the white staﬁdard. The calibration of
the détectoy used in the far ultraviolet is not so straight forward.
Most materials aré very poor reflectors of far'ultraviolét radiation
so that an efficient diffuse reflector is unlikely to be found: The
borium sulfate standard has been used for ra&iation_as short as 1600 A,
but its usefulness at shorter wavelengths is-unknown. Therefore, if
the borium sulfate is not‘éuitable, then the standard reflector in the
region below 1600 A will be a bright gold coated flat. Rather than
using no standard, the measurements will be taken'relative to the
specular reflectance of gold. The measurements can be correlated by
using the thermocouple detector and the'fluorescence of ‘sodium sali;
tylate at the Hg 2537 A line. The fluorescent iefficiency of freshly
repared salicylate fllms has a constant valuelof about 65 percent
for execiting radlatlon between 400 A and 3400 A. Assuming this to be
. true then the source output can be monitored using the reflected

- radiation from the gcld film.
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